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Nodal Analysis 


Introduction 

Nodal analysis is a systematic method to determine the voltage 
at each node relative to the reference node by repeatedly ap¬ 
plying KCL. In Nodal analysis, also called node-voltage analysis 
or branch-current method, the voltage between nodes is deter¬ 
mined in terms of the branch currents. In this method, a sys¬ 
tem of equations in which the unknowns are the voltages at the 
principal nodes of the circuit is set up and solved. The set of 
equations developed in the nodal analysis in fact represents and 
describes the circuit. After determining these nodal voltages, 
the currents in the various branches of the circuit can be easily 
found. 

The nodal analysis starts with selecting one of the nodes as the 
reference node. Since one of the nodes is selected as the refer¬ 
ence node, if there are N nodes in the circuit there will be A - 1 
linearly independent equations in general. The solution of this 
set of equations yields the N -1 unknown node voltages. These 
node voltages can be used with the Ohm’s law to determine all 
currents in the circuit. 








Nodal Analysis - Reference Node 


see comments, ask your questions 
http://www.solved-problems.com/go/RN/ 



see comments, ask your questions 
http://www.solved-problems.com/go/NV/ 



Reference Node 

In circuits, we usually label a node as the reference node also 
called ground and define the other node voltages with respect 
to this point. The reference node has a potential of OV by defi¬ 
nition. The symbol of reference node is depicted in Fig. [1} 


Fig. 1 — Refrence Node Symbol 


As mentioned, the selection of the reference node is arbitrary. 
However, a wise selection can make the solving easier. As a gen¬ 
eral rule, it is usually chosen to be 


Node Voltages 

The voltage drop from a node to the reference node (ground) is 
called the node voltage. To keep definition simple, node volt¬ 
ages are usually defined with positive polarities. 

Let’s find and label node voltages for the circuit shown in Fig. [2} 


Ri 
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Nodal Analysis - Node Voltages 


The circuit has 5 nodes as shown in Fig. [3} 


Ri 



Two of the nodes have 4 elements connected to them. These are 
the best candidates to be reference point. 


Ri 

A/W 



Ri 

VvV 


Fig. 4 — Candidates For Reference Node 


BASIC 

ENGINEERING 


CIRCUIT 

ANALYSIS 



http: //www.solved- 
problems.com/go/Irwin/ 


Basic Engineering Circuit Analy¬ 
sis 

by: J. David Irwin 
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Nodal Analysis - Node Voltages 


Let’s choose one as the reference node (Fig. [5|. 


Ri 



Now, we define node voltages for the remaining nodes as de 
picted in Fig. [6} These node voltages represent the voltage be 
tween the node and the reference. 
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Nodal Analysis - Node Voltages 


When there is a voltage source between a node and the refer¬ 
ence node, the node voltage corresponds exactly to the voltage 
of the voltage source. In our example, we have two node volt¬ 
ages. The -5V voltage source is placed between the reference 
and the node labeled as Vi. Therefore, Vi = -5V. 

If there is a voltage source between two nodes, the difference 
between the corresponding node voltages equals to the voltage 
of the source. In our example, the 10 V voltage source is located 
between nodes labeled by V 2 and V 4 . Therefore, V 2 - V 4 = 10 V. It 
is important to note that voltage of the positive node minus the 
one of negative node is equal to the voltage of the source. KVL 
can be used to show this: 



Fig. 7 — Voltage source between two nodes 


KVL around the loop: -V 2 + (+10) + V 4 = 0 — V 2 - V 4 = 10 V. Re¬ 
call that the reference node is always defined to be the negative 
polarity of all node voltages. 
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Nodal Analysis - Nodal Analysis Steps 


see comments, ask your questions 
http://www.solved-problems.com/go/NA/ 



Nodal Analysis Steps 

1. Identify all nodes in the circuit. Call the number of nodes 
N. 

2. Select a reference node. Label it with reference (ground) 
symbol. As a general rule, the reference node is usually 
chosen to be 

a node with largest number of elements connected to it, or 
a node which is connected to the greatest number of volt¬ 
age sources, or a node of symmetry. 

3. Assign a variable for each node whose voltage is unknown. 
If a voltage source is connected between a node and the 
reference node, the voltage is already known and it is not 
necessary to assign a variable. If there is a voltage source 
between two nodes, the difference between the node volt¬ 
ages equals to the voltage of the source. In this case, to cut 
the number of unknowns assign a variable for one of the 
nodes and express the voltage of the other one with respect 
to the assigned variable. 

4. If there are dependent sources in the circuit, write down 
equations that express their values in terms of node volt¬ 
ages. 

5. Write down a KCL equation for each node by setting the to¬ 
tal current flowing out of the node to zero. Recall that the 
KCL states that the algebraic sum of all currents entering 
and exiting a node is equal to zero. It is always a good idea 
to rearrange these equations into the form A\ x V\ + A 2 x V 2 + 
... + A N - 1 x v N -i = C where Ai,A 2 ,A N -i and Care some con¬ 
stants. If there are voltage sources between two unknown 
voltages, join the two nodes as a supernode. Note that you 
should have only one unknown variable for a supernode 
because the voltage of one the nodes can be expressed with 
respect to the voltage of the other one. For a supernode, the 
currents of the two nodes are combined in a single equa¬ 
tion, and a new equation for the voltages is formed. For a 
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Nodal Analysis - Nodal Analysis Steps 


circuit with N nodes and M voltage sources N - M -1 simul¬ 
taneous linearly independent equations can be written. 


Problem 1 - Three-Node Circuit 


Solve the circuit shown in Fig. [8] by nodal analysis and find the 
power of 7$i. 



Fig. 8 — Problem[l] 


Discussion 

http:/ /www.solved- problems.com/go/1-11/ 






Solution 

I. Identify all nodes in the circuit. The circuit has 3 nodes as 
shown in Fig. |9} 


RICHARD 


JAMES A. SVOBODA 


http: //www.solved- 
problems.com/go/Dorf/ 


II. Select a reference node. Label it with reference (ground) sym¬ 
bol. 

Two of the nodes have the largest number of elements. Both 
are connected to the voltage source. We can choose either of 
them. By choosing the node that is connected to the negative 
terminal of the voltage source, the voltage of the other node will 
be exactly as the voltage of the source. 


Introduction to Electric Circuits 
by: Richard C. Dorf 



III. Assign a variable for each node whose voltage is unknown. 


We label the remaining two nodes as illustrated in Fig. 10 


IV. If there are dependent sources in the circuit, write down equa¬ 
tions that express their values in terms of node voltages. There 
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Nodal Analysis - Nodal Analysis Steps 



Fig. 9 — Problem[i]- All nodes 


10V 






>r 3 

Vi I 

( ) Fsi 

2Q< 

>Ri 

2Q < 















I Si _ < 



R4 <r in 


-2 A 


40 < 

^ r 2 




V 2 





Fig. 10 — Problem|l]- The reference node and node voltages 


is no dependent source. 

V. Write down a KCL equation for each node. As mentioned be¬ 
fore, Node of Vi is connected to the reference node via a voltage 
source. Therefore, its voltage can be determined by the voltage 
of the voltage source and we do not need to write a KCL equa¬ 
tion for this node. Writing a KCL equation for nodes which have 
voltage source is not that useful. The current through a voltage 
source is not dependent to its voltage and should be completely 
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Nodal Analysis - Nodal Analysis Steps 


10.00V 


+ Vsl 

-^^iov 


10.40A 



-2A 


2.000A 



5.000A 



9.60V 


400.00mA 




Fig. 11 — Preoblem^- PSpice simulation result 


determined by other elements of the circuit. V) is connected 
to the positive terminal of the voltage source Fsi. Therefore, 
V) = Fsi. It is also common to label this type of nodes with the 
label of the voltage source. 

Node V 2 : Isi + = 0 ->• V 2 = 9.6V The circuit is solved. 

All node voltages are determined and we can find the required 
value: P ISl = Isi xV 2 = -19.2 W, supplying. 



PSpice Piles 

The PSpice simulation result is depicted in Fig. [TTj The PSpice 
schematics can be downloaded from http:/ /www.solved-problems, 
com / go /NAPSpice /. 


Problem 2 - Four-Node Circuit 


Use nodal analysis to solve the circuit shown in Fig. [l2]and de¬ 
termine V a . 


&(- 


Solution 

I. Identify all nodes in the circuit. There four nodes in the circuit 


as indicated in Fig. 13 


Discussion 

http://www.solved- problems.com/go/l-10/ 



II. Select a reference node. Label it with reference (ground) sym¬ 
bol. All nodes have three elements connected to. None has 
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Nodal Analysis - Nodal Analysis Steps 




Fig. 13 — Problem[2]- All nodes 


a greater advantage over others to be the reference node. We 
choose the bottom node as the reference node. 


III. Assign a variable for each node whose voltage is unknown. 


Three remaining nodes are labeled as represented in Fig. 14 


IV If there are dependent sources in the circuit, write down equa¬ 
tions that express their values in terms of node voltages. There 
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Nodal Analysis - Nodal Analysis Steps 



is no dependent source in this circuit. 

V. Write down a KCL equation for each node. 
Node of Vi: 


Vi - V 2 Vi - V'->j 
—I s 2 + — + — = 0 —»6 Vi -V 2 - 5V 3 = 5. 


Rs 


Ri 


(1) 

Node of V 2 : 


V 2 - Vi v 2 

I s 3 + — - - + — = 0 — -4 Vi + 9V 2 = -40. 

R’l 


(2) Node ofV 3 : 

V 3 -Vi 

~I$i ~ I S 3 H —— - = 0 * V 3 — V\ = 4. 

Ri 

(3) (1), (2) and (3) imply that Vi = 37 v, V 2 = I2v and V 3 = 41. 

Now, we have all node voltages. The last step is to determine V a . 


If we apply KVL in the loop shown in Fig. 15 


-V 1 -V a + V 2 = 0^V a = -25V. 
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Nodal Analysis - Nodal Analysis Steps 




The PSpice simulation result is depicted in Fig. [16} The PSpice 
schematics can be downloaded from http:/ /www.solved-problems, 
com / go / NAPSpice /. 


http: / /www.solved- 
problems. com / go / TrontPSpice / 

PSpice for Basic Circuit Analysis 
with CD 

by: Joseph Tront 
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Nodal Analysis - Nodal Analysis Steps 


41.00V 



Fig. 16 — Preoblem[2]- PSpice simulation result 
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Nodal Analysis - Complicated Cases 


Complicated Cases 

The nodal analysis method is generally straightforward to apply 
but becomes rather difficult in the following cases. 

Non-grounded Voltage Sources 

Since the current of a voltage source is independent of the volt¬ 
age, it cannot be used in writing KCL equations. If one node of 
a voltage source is connected to the reference node, we do not 
need to know the current passing through the voltage source. 
The reason is that the voltage of the node can be easily deter¬ 
mined by the voltage of the voltage source and there is no need 
to write KCL equation for the node. 

Complicated cases are the ones where a voltage source is lo¬ 
cated between two non-reference nodes. In these cases, a su¬ 
pernode method should be used. A simple supernode is con¬ 
sist of a source and its nodes. In general, supernodes can have 
more than one voltage sources. After identifying a supernode, 
we need to define only one voltage variable for one of the nodes 
of the supernode and find the voltage of other node(s) with re¬ 
spect to that voltage variable. This equation relates node volt¬ 
ages of the supernode to each other. Then, we should treat a su¬ 
pernode as a node and write a KCL equation for all currents en¬ 
tering and leaving the super node. Now we have one equation 
and two unknowns (the node voltages). This equation should 
be added to the set of equations derived for other nodes and 
the new set of equations should be solved to determine all node 
voltages. 

Discussion 

http://www.solved-problems.com/go/l- 


Problem 3 - Circuit with A Non-grounded Voltage Source 


Use nodal analysis to solve the circuit shown in Fig. [3] and de¬ 
termine I x and V y . 

gf - 

Solution 

I. Identify all nodes in the circuit. There four nodes in the circuit 
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Nodal Analysis - Complicated Cases 


Vs 2 



Fig. 17 — Problem[3] 


as shown in Fig. 18 


V S2 



II. Select a reference node. Label it with reference (ground) sym¬ 
bol. There is symmetry in this circuit and each node has three 
elements connected to. One of the elements connected to each 
node is a voltage source. Thus, any node has no advantage over 
others in being the reference node. We choose the bottom left 
node as the reference node. 


III. Assign a variable for each node whose voltage is unknown. 
Three remaining nodes are labeled as illustrated in Fig. [19} With 
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Nodal Analysis - Complicated Cases 


Vs 2 


1 A 



V Sl 


-2 A 


Fig. 19 — Problem [3]-The reference node and node voltages 


this selection, we can easily determine V 2 . There is a voltage 
source between node of V 2 and the reference node. The posi¬ 
tive terminal of the voltage source is connected to the reference 
node. Therefore, V 2 = -Vsi = -10 V. We assign V 2 to make ref¬ 
erencing to the node easier. One may avoid assigning a label 
to that node and instead, directly substitute -10 V wherever it is 
required in equations. 



Fig. 20 — Problem [3]- Applying KVL to find supernode voltage 


Nodes of V\ and V 3 are connected to each other by a voltage 
source. Therefore, they form a supernode. By writing a KVL for 
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Nodal Analysis - Complicated Cases 


the loop depicted in Fig. |20} V 3 can be written in terms of Vi: 
-Vi -Vs 2 + V 3 = 0 ^V 3 = V 1 -4 


IV. If there are dependent sources in the circuit, write down equa¬ 
tions that express their values in terms of node voltages. There 
is no dependent source in this circuit. 

V. Write down a KCL equation for each node. 

We only need to write a KCL equation for the supernode: 


Vi v 3 - v 2 

— Is 2 H-1-/ .S’ ] 

R 2 R\ 


0 . 


Substituting V 3 = V 3 - 4 and known variables, 



. Therefore, 


80 

v 3 = Vi-4 =-V. 

6 9 


The circuits is solved and all node voltages are known now. Now, 
we can find I x and V y from the node voltages. 

KCL at node 1: 


Vi 

-Is 2 + — + I x -0—>I x - 
R2 



KVL around the loop shown in the Fig. 21 


-V 3 -V y + V 2 = 0 


10 

Vy = - — V- 
y 9 


The PSpice simulation result is shown in Fig. [22} The PSpice 
schematics can be downloaded from http: / /www.solved-problems. 
com/go/NAPSpice/. 


Dependent Current Source 

When there is a dependent current source in the circuit, it should 
be treated as an independent current source but the variable 


Introduction to PSpice' 
Using OrCAD' Release 16.2 


http: //www.solved- 
problems.com/go/NilssonPSpice/] 

Introduction to PSpice for Elec¬ 
tric Ciruits 

by: James W. Nilsson and Susan 
A. Riedel 
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Nodal Analysis - Complicated Cases 



-4 



Fig. 22 — Preoblem[2]- PSpice simulation result 


Discussion 

http: / /www. solved- problems.com/go /1 -19 / 



which the current source depends on should be expressed in 
terms of node voltages. For example, if it is current of a resistor, 
Ohm’s law should be used to state the variable in term of the 
node voltages of the resistor. 


Problem 4 - Dependent Current Source 


Deploy nodal analysis method to solve the circuit and find the 
power of the dependent source. 

- 

Solution 
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Nodal Analysis - Complicated Cases 


— 2h 



I. Identify all nodes in the circuit. Call the number of nodes N. 
The circuit has 4 nodes: 

Therefore, N = 4. 

II. Select a reference node. Label it with reference (ground) sym¬ 
bol. 

All nodes have the same number of elements. We prefer to se¬ 
lect one of the nodes connected to the voltage source to avoid 
having to use a supernode. 

III. Assign a variable for each node whose voltage is unknown. 
We label the remaining three nodes as shown above. 

IV. If there are dependent sources in the circuit, write down equa¬ 
tions that express their values in terms of node voltages. There 
is one dependent source, which is a current controlled current 
source. We need to write -2 A in terms of node voltages. A is the 
current passing through the 2fi - resistor. Applying the Ohm’s 
law, A = Hence, -2A = V 3 - V 2 . 
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Nodal Analysis - Complicated Cases 


V. Write down a KCL equation for each node. Node Vi: ^ + 
M_ 2 / 1 = o. -4V 1 -6V 2 + 3V 3 = 0(Eq. 1). 

Node V 2 : 2I\ + - 2 A + = 0. Please note that we avoid 

using all unknowns except node voltages. Using A in this KCL 
equation introduces an unnecessary unknown to the equations 
set. Substituting 2Ji = V 2 - V 3 and rearranging results in: -2 Vi + 
5V 2 -3V 3 =4(Eq. 2). 

Node V 3 has a voltage source connected to. Therefore, V 3 = 10 V. 
Substituting this in Eq. 1 and Eq.2 leads to 

| 4Vi- 6V 2 = -30 
| -2Vi +5V 2 = 34 


. By solving the system of equations, Vi = 6.75 V and V 2 = 9.5. 


Now, we need to find the voltage across the dependent current 
source and the current passing through it. Lets start with A. 
A = V 2 2 ci ? ‘ = -0.2571. Assuming positive terminal placed on the 
node of Vi, the voltage across the dependent current source is 
Vi - V 2 = -2.75 V. The current flowing through the dependent 
current source is -2 A = 0.5 A. Therefore the power of the depen¬ 
dent current source is -2.75x0.5 = -1.375 W. Because the current 
direction and the voltage polarity is in accordance with the pas¬ 
sive sign convention and the power is negative, the dependent 
current source is supplying power. 


The PSpice simulation result is shown in Fig. [26} The PSpice 


schematics can be downloaded from http:/ /www.solved-proble ms, 
com/ go/NAPSpice/. 


Dependent Voltage Sources 


Discussion 

http: / /www.solved- problems.com/go /1 - 21 / 



A dependent voltage source can make the solution a bit chal¬ 
lenging. The solution follows the same steps mentioned for de¬ 
pendent source with an extra step. After writing super-node 
KCL equation, the variable that the dependent source depends 
on should be written in terms of the node voltages. 


Problem 5 - Dependent Voltage Source 
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Nodal Analysis - Complicated Cases 


— 2h 



http://www.solved-problems.com/go/l-21/ Use nodal analysis 
method to solve the circuit and find the power of the 3U- resis¬ 
tor. 


af- 


Solution 

I. Identify all nodes in the circuit. The circuit has 3 nodes as 


indicated in Fig. 28 


II. Select a reference node. Label it with the reference (ground) 
symbol. 


The node in the middle is connected to 5 nodes and is the node 
with the largest number of elements connected to it. Therefore, 
we select it as the reference node of the circuit. 


III. Assign a variable for each node whose voltage is unknown. 
We label the remaining nodes as shown in Fig. [29} Vi is con¬ 
nected to the reference node through a voltage source. There¬ 
fore, it is equal to the voltage of the dependent voltage source: 


Copyright 2010 http://www.solved-problems.com - Page 25 















Nodal Analysis - Complicated Cases 


-2h 



Fig. 25 — Preoblem[4]- The reference node 


Vi = -6 I x . 

IV If there are dependent sources in the circuit, write down equa¬ 
tions that express their values in terms of node voltages. 

The voltage of the dependent voltage source is -I x . We should 
find this value in terms of the node voltages. I x is the current of 
the 50- resistor. The voltage across the resistor is Vi - V 2 . You 
may ask why not V 2 - Vi . Well, that is also correct; the voltage 
across the resistor is either Vi - V 2 or V 2 - Vi depend on which 
terminal we choose to be the positive one. In this circuit, we are 
going to use this voltage drop to determine I x . We prefer to use 
Vi - V 2 simply because Vi is the voltage of the terminal that I x 
entering from. Therefore, the Ohm’s law can be applied in the 
simple form of V = R x /. By using the voltage drop Vi - V 2) we 
have 

_ Vi - v 2 

x 50 
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Nodal Analysis - Complicated Cases 



Fig. 26 — Preoblem[4]- PSpice simulation result 


V. Write down a KCL equation for each node. 

Node of V\. Because there is a voltage source in this node, there 
is no advantage in writing a KCL equation for this node. All we 
need to do is to use the voltage of the dependent voltage source 
and its relation with other node voltages: 


T _ Vi-V 2 
lx ~ 50 

Vi = -61* 



Node of V 2 : 


V 2 - Vi v 2 

— - - + — - 2A = 0 — -3 Vx + 8 V 2 = 30. 

5L2 
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Nodal Analysis - Complicated Cases 




Fig. 28 — Preoblem[5j- All nodes 


Substituting V\ = -^V 2 , 


33 18 

V 2 = —V^V 1 = —V. 
7 7 
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Nodal Analysis - Complicated Cases 



Fig. 29 — Preoblem[5]- The reference node and node voltages 


All node voltages are obtained. The power of the 30-resistor is 

vf 

r 3Q = ^L= 7.408 W. 

30 

The PSpice simulation result is indicated in Fig. [30} The PSpice 
schematics can be downloaded from http: / /www.solved-problems. 
com / go /NAPSpice /, 
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Nodal Analysis - Complicated Cases 


1A 
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Nodal Analysis - More Problems 


More Problems 


Problem 6 - 6-Node Circuit 


Determine the power of each source after solving the circuit by 
the nodal analysis. 


20 30 





Discussion 

http://www.solved- problems.com/go/l-22/ 




Solution 

I. Identify all nodes in the circuit. The circuit has 6 nodes as 


indicated in Fig. 32 


II. Select a reference node. Label it with the reference (ground) 
symbol. 


The bottom left node is connected to 4 nodes while the other 
ones are connected to three or less elements. Therefore, we se¬ 
lect it as the reference node of the circuit. 


III. Assign a variable for each node whose voltage is unknown. 



http: //www.solved- 
problems.com/go/Nilsson/ 


Electric Circuits (9th Edition) 
by lames W. Nilsson and Susan 
Riedel 
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20 30 



We label the remaining nodes as shown in Fig. 33, Vi is con 


nected to the reference node through a voltage source. There¬ 
fore, it is equal to the voltage of the voltage source: V\ = 10 V. 


IV If there are dependent sources in the circuit, write down equa¬ 
tions that express their values in terms of node voltages. 

There is no dependent voltage source here. 


V. Write down a KCL equation for each node. 


Nodes of V 2 and V 3 are connected by a voltage source. Therefore, 
they form a supernode. The negative terminal of the voltage 
source is connected to V 3 and the positive terminal is connected 
to V 2 . Thus, 


v 2 = V 3 +2. 


This can also be verified by a KVL around the loop which starts 
from the reference node, jumps to the node of V 3 with -V 3 (the 
reference is always assumed to be the negative terminal of node 
voltages), passes through the voltage source by -2 V and returns 
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back to the reference node from V 2 as +V 2 

-V 3 -2V + V 2 = 0^V 2 = V 3 + 2. 
Supernode of V 2 & V 3 : 


Vs | V3-V4 t V2-V1 t ^2-^5 =Q 

in 5n 2D. 3n 

f 3 v 4 1/3 + 2-10 1/3+2-1/5 

v3 + — - — + —-+ —-- 

55 2 3 

T/ ^3 v 4 V 3 V 3 2 V 5 

5 5 2 3 3 3 

61 V 4 V 5 _ 10 

^ 30 1/3 ~ ~5~ ” y “ T 

^ 6IV3 - 6V4 - IOV5 = 100 


= 0 

0 


Node of V 4 : 


V ±+ V 4 -V 3 
6D 5D 


+ 10 = 0 
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— 5 V 4 + 6 V 4 - 6 V 3 + 3 OO = 0 


^- 6 I /3 + III /4 =-300 


Node of V 5 : 


V 5 f ^ 5-^2 

4n 3n 


10 = 0 


— 3V 5 + 4V 5 - 4V 2 - 120 = 0 


^ 71 / 5 - 41 ^ 3 - 8-120 = 0 


—► - 4 V 3 + 7 V 5 = 128 


Hence, we have the following system of equations: 


6IV3 -6V4 -10 V5 = 100 
^ - 61/3 + 111/4 =-300 
-41/3 + 71/5 = 128 

This system of equations can be solved by any preferred method 
such as elimination, row reduction, Cramer’s rule or other meth¬ 
ods. We use the Cramer’s rule here: 


100 -6 -10 
-300 11 0 

128 0 7 

61 -6 -10 
-6 11 0 
-4 0 7 


9180 

4005 


2.292V 


61 

100 

-10 

-6 

-300 

0 

-4 

128 

7 


61 -6 -10 
-6 11 0 
-4 0 7 


-104220 

4005 


-26.022V 


and 
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Thus, 


61 

-6 

100 

-6 

11 

-300 

-4 

0 

128 

61 

-6 

-10 

-6 

11 

0 

-4 

0 

7 


78480 

4005 


19.595V 


V 2 = V 3 + 2 = 4.292. 


All node voltages are found. The current of the 10 V source is the 
current of the 20 resistor, which is v l~^' = -2.854A The current 
direction shosen such that the current enters from the positive 
terminal of the voltage source. This is only to comply with the 
passive sign convention. Now that we have the source current, 
its power can be easily calculated: 

Piov = 10 x (-2.854) = -28.54IT absorbing power 


The current of the 2 V source equals to the summation of the 
currents of 5n and in resistors. Therefore, 

V 3 - V 4 V 3 

hv = ha + hn = — - 1 + — = 5.663 + 2.292 = 7.955. 


Consequently, 

P 2 v = 2 x 7.955 = 15.91 IT supplying power. 

The voltage across the 10A current source is V 4 - V 5 = -45.617. 
Therefore, P 10 a = 10 x (-45.617) = -456.17VK supplying power. 

The PSpice simulation result is indicated in Fig. [34} The PSpice 
schematics can be downloaded from http:/ /www.solved-problems. 
com/go/NAPSpice/. 
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R6 


4.292V 


R7 


5.101 A 



Fig. 34 — Preoblem[6]- PSpice simulation result 
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Problem 7 - Supernode - Dependent Voltage Source 


Determine the power of each source after solving the circuit by 
the nodal analysis. 



AA/V— * 1 II. III. —WV 

2n m 


5H 

-AAA^- 

Fig. 35 — Preoblem[7] 



ELECTRIC 

CIRCUITS 


Answers: P Ix = 0.4971V ,= -1.806W,P 2 a = 4.254 W,P 3V = -3.871V, 
and P 5V = -3.5521V 


af- 


Solution 

I. Identify all nodes in the circuit. The circuit has 6 nodes as 


indicated in Fig. 36 


II. Select a reference node. Label it with the reference (ground) 
symbol. 


The right top node is connected to two voltage sources and has 
three elements. All other nodes also have three elements. Hence, 
we select the right top node because by this selection, we al¬ 
ready know the node voltages of two other nodes, i.e. the ones 
that the reference node is connected to them by voltage sources. 


III. Assign a variable for each node whose voltage is unknown. 
We label the remaining nodes as shown in Fig. |37} Nodes of 


supplements any dass text 



THE ORIGINAL AND MOST POPULAR 
COLLEGE COURSE SERIES AROUND THE WORLD 


http: //www.solved- 
problems.com/go / Schaum/ 


Schaum’s Outline of Basic Cir¬ 
cuit Analysis 

This new edition of Schaum’s 
Outline of Electric Circuits give 
readers a thorough foundation 
in the theory and operation of 
electric circuits. This bestselling 
outline combines brief descrip¬ 
tions of theory with illustrative 
examples, solved problems, and 
supplement problems to pro¬ 
vide a direct and effective tool 
and methodology for learning. 
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Fig. 37 — Preoblem[7]- The reference node and node voltages 


V 3 and V 4 are connected to the reference node through voltage 
sources. Therefore, F 3 and V 4 can be found easily by the voltages 
of the voltage sources. For F 3 , the negative terminal of the volt¬ 
age source is connected to the node. Thus, V 3 is equal to minus 
the source voltage, V 3 = -5V. The same argument applies to V 4 
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and V 4 = —3V. 

IV. If there are dependent sources in the circuit, write down equa¬ 
tions that express their values in terms of node voltages. 

The voltage of the dependent voltage source is I x . We should 
find this value in terms of the node voltages. I x is the current 
of the 3tl- resistor. The voltage across the resistor is V 2 - V 4 . We 
prefer to define V 3 q as V 2 - V 4 instead of V 4 - V 2 to comply with 
passive sign convention. By defining V 3 n as mentioned, I x is 
entering from the positive terminal of V 3n and we have V 3n = 
30 x l x . Therefore, I x = • 



V. Write down a KCL equation for each node. 

Nodes of Vi and V 2 : These two nodes are connected through a 
voltage source. Therefore, they form a supernode and we can 
write the voltage of one in terms of the voltage of the other one. 
Please note that the voltage of the dependent voltage source is 
I x and we have 

V 2 = v 1 + I x 
V 2 2 

^ v 2 = Vl + y + l--V 2 = Vl + 1 

—*Vi= frac23V 2 -1 


KCL for the supernode: 

Vi - v 3 Vi - v 5 v 2 - V 4 


5Q 


20 . 


+ 


Vi+5 Vi-V 5 
-+-+ 


3Q 

V 2 + 3 
3 
V 2 


-2A = 0 


2 = 0 


Vi Vi-V 5 _ 

— — + —-- + — = 0 

5 2 3 

—► 21 Vi — 15 V 5 + 10 V 2 = 0 
Substituting Vi = frac23V 2 - 1 , 


—*■ 8 V 2 - 5 V 5 = 7 


Copyright 2010 http://www.solved-problems.com - Page 39 










Nodal Analysis - More Problems 



Node of V 5 : 

V 5 -Vi V 5 - V 3 

—- - + — -- + 1 = 0 

2n m 

- - Vi + 31 ^ -2V3 + 2 = 0 
Substituting V\ = frac23V 2 -1 and V 3 = -5V, 

—>■ -2V 2 + 9 V 5 = -39 


Here is the system of equations that we need to solve and obtain 

V 2 nd V 5 : 


1 : 8 V 2 - 5 V 5 = 7 
II: -2V 2 + 9V 5 = -39 


We use elimination to solve this system of equation: (//) x 4 + (/): 
31V 5 = -149 —» 

V 5 = -4.806V 


V 2 

Using Vi = frac23V 2 - 1, 


-2.127V 


Vi = -2.418V 
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All node voltages are determined. Now, the power of voltage 
sources can be calculated from the node voltages. For each source, 
we need to find the voltage across the source as well as the cur¬ 
rent flowing through it to compute the power. 


2 A current source: The voltage across the 2 A current source is 
equal to V 2 . However, the comply with the passive voltage con¬ 
vention, the current should be entering from the positive ter¬ 
minal of the defined voltage as shown in Fig. 

V 2j 4 = -V 2 = 2.127 V. 


39 Therefore, 


P 2 a = 2 Ax V 2 a = 4.2541V absorbing power 


v 2A 



Fig. 39 — Preoblem[7]- Current directions and voltage polarities for sources 


1 A current source: 

To compliant with the passive sign convention, the voltage V\ A 
should be defined with polarity as indicated in Fig. [39j We have 
Vm = V 5 -V 4 = -1.806V. Hence, 

P\A = 1 Ax (- 1.806 V) = -1.8061V supplying power. 

5V voltage source: 

I 5 v should be defined such that it enters from the positive ter¬ 
minal of the source in order to use the voltage of the source in 
power calculation. Another option is to use V 3 and define the 
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current as entering from the voltage source terminal connected 
to the node of V3. We use the first approach here. KCL should be 
applied in the node of V 3 to determine hv- 

KCL @ Node of F 3 : 


~hv + hn + hn - 0 
V 3 - V 5 V 3 - Vi 

- hv = — -- + —-- = -0.7104A 

in 5n 

P 5 v = 5 K x (-0.710471) = -3.552 W supplying power. 
3V voltage source: 


Likewise, hv should be defined as shown in Fig. [39] to comply 
with the passive sign convention. We apply KCL to the reference 
node to find / 3 y. 

KCL @ the reference node: 


hv + hv + 271 = 0 
— I 3V = -1.29A 


P 3V = 3V x (-1.29A) = -3.87W supplying power. 

The dependent source: The voltage of the dependent source is 
I x and we define its current h x with the direction illustrated in 
Fig. [39} h x can be calculated by applying KCL at the node of 
V 2 . The current of the 3£1 resistor is I x which is equal to ^ +1 = 
0.291A. 

KCL @ Node of V 2 : 


- 2 A + I x + I Ix = 0^ h x = 1.709A 


Pj x = I x x Ij x = 0.291 V x 1.709A = 0.497 W absorbing power. 

The PSpice simulation result is indicated in Fig. [40} The PSpice 
schematics can be downloaded from http: / /www.solved-problems. 
com / go / NAPSpice /. 
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1.71 A 


-2.13V 


2 A 



12 


X 


BSI!KtfiE9 


R 1 

A/W 

3 




3 V 


D 


-3.00V 


V 2 



A\ 


VI 


13 


_ R 2 


1A 


5 V- 


709.7mA 


( 


BsEEBBP 4 , 

■ VvV 


4.81V 


-2.42V 


516.1mA 


R 3 

A/W 


5 


Fig. 40 — Preoblem[7]- PSpice simulation result 
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